1. Introduction
===============

Stroke is the third leading cause of death worldwide after Ischemic Heart Disease (IHD) and Cancer ([@B5]). Approximately 87% of stroke cases are ischemic in origin. Ischemic stroke (IS) is a complex multifactorial disease involving complex interactions between genetic and environmental factors ([@B3]). Emerging evidence has demonstrated that inflammation play an important role in the pathogenesis of IS even though the exact mechanism is still unknown. As one of the candidate susceptible genes of IS, the functional polymorphism of inflammatory factors has become one of the most popular scientific investigations.

Transforming Growth Factor Beta-1 (TGF-β1) is a pleio-tropic cytokine with potent anti-inflammatory property, and has been considered an essential risk factor in the inflammatory process of IS by involving in the pathophysiological progression of lipid metabolisms, hypertension, and atherosclerosis ([@B8]; [@B2]; [@B4]; [@B14]; [@B9]). TGF-β1 gene is located on chromosome 19 (q13.1--13.3), including 7 exons and 6 introns ([@B6]).

There are several common known single nucleotide polymorphisms (SNPs) in this gene. Among them, -509C/T (rs1800469) single nucleotide polymorphism (SNP) at position-509 relative to the first major transcription start site was found to be differentially related to transcription factor binding to the TGF-β1 promoter, transcriptional activity of TGF-β1, and TGF-β1 plasma concentration ([@B7]). So far, few studies have been performed to investigate the association of -509C/T polymorphism of TGF-β1 gene with risk of IS ([@B11]), ([@B12]; [@B13]). However, the results remain controversial. We performed this meta-analysis combining eligible published literature based on quantitative synthesis to derive a more convincing estimation for the association of -509C/T polymorphism with IS risk.

2. Materials & Methods
======================

2.1. Identification of relevant studies
---------------------------------------

A literature review for eligible genetic association studies published before October 20, 2014 was conducted in the PubMed, EMBASE, Google Scholar and Trip database. The following combinations of main keywords were used: "Transforming Growth Factor Beta 1 OR 'TGF-β1"; "Ischemic stroke OR cerebral infarction OR 'IS'" and "genetic polymorphism OR single nucleotide polymorphisms OR SNP". The search was done in any language, but only included those studies that were conducted on human subjects. All references in eligible articles were extensively reviewed to identify additional published articles.

2.2. Inclusion and exclusion criteria
-------------------------------------

To be included in the analysis, eligible studies had to meet the following criteria: 1) Studies on the association of -509C/T genetic polymorphisms of TGF-β1 with susceptibility to IS; 2) All patients in the candidate studies meet the diagnostic criteria for IS through neuroimaging computer tomography (CT) or magnetic resonance imaging (MRI); 3) Studies with sufficient available genotypic data to calculate ORs with corresponding 95%CI. The major reasons for excluding studies were as follows: 1) Not being case-control study; 2) Duplicate publications with overlapping subjects from the same study; and 3) No available data reported. This meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidance ([@B10]).

2.3. Data extraction
--------------------

According to the PRISMA guidance, two investigators (Pradeep Kumar and Amit Kumar) independently checked each full-text report for eligibility and extracted the following data from eligible studies: Surname of the first author, year of publication, country of origin, ethnicity, number of case and control subjects, age, sex ratio, genotyping method, allele and genotype frequency, etc. Disagreements were solved by discussion between all authors until consensus was reached.

2.4. Quality assessment
-----------------------

Newcastle-Ottawa Scale (NOS) criteria were used to assess the qualities of all included studies. The NOS criteria use a "star" rating system to judge methodological quality based on 3 aspects of a study: selection, comparability, and exposure. Scores range from 0 stars (worst) to 9 stars (best), with a score of 5 or higher indicating a moderate to high methodological quality. Two authors (Pradeep Kumar and Amit Kumar) independently assessed the quality of included studies. Discrepancies over quality scores were resolved by discussion with all authors and subsequent consensus.

2.5. Statistical analysis
-------------------------

The control group was tested by Hardy Weinberg Equilibrium (HWE) to compare the expected and observed genotype frequencies using the Pearson and Chi-square tests for goodness of fit. The relation between the TGF-β1 genetic polymorphisms and susceptibility to IS was assessed by the pooled odds ratios (ORs) with their corresponding 95% confidence intervals under 3 genetic models of dominant, recessive, and allelic one (using RevMan 5.3 software). Taking into consideration the possible between-study heterogeneity, a statistical test for that was first conducted using Cochran's Q statistic and the I^2^ metric ([@B1]). A random-effects model was used to estimate the pooled ORs and 95%CIs, as heterogeneity was found with P\<0.10 or I^2^\>50%.

3. Results
==========

A total of 64 relevant papers were identified using the prespecified search strategy. [Figure 1](#F1){ref-type="fig"} presents a flow diagram of retrieved and excluded studies with their reasons for exclusion. In accordance with the inclusion criteria, two studies were included in this meta-analysis; with a total of 614 IS patients and 617 controls. Studies were conducted in only one major Asian ethnic population. The publication years of included studies ranged from 2010 to 2011. All two studies had controls in HWE. The quality scores of all included studies were moderately high, with NOS stars more than 5. The characteristics and methodological quality of these studies are summarized in [Table 1](#T1){ref-type="table"}.
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###### 

Characteristic of studies included in the meta-analysis of -509C/T TGF-β1 gene -509C/T polymorphism association with the risk of ischemic stroke.

  **S.No**   **Year**     **Author**             **Origin**   **Ethnicity**   **Cases/controls**   **HWE**   **Matching Criteria**   **Genotyping Method**   **M/F**   **Age, Mean ±S.D**   **NOS Star**   **Source of control**
  ---------- ------------ ---------------------- ------------ --------------- -------------------- --------- ----------------------- ----------------------- --------- -------------------- -------------- -----------------------
  1\.        2010         Tao et al. ([@B13])    China        Asian           450/450              Yes       NA                      ARMS-PCR                306/144   64.87+14.4           7.9            PB
  326/124    63.85+13.8                                                                                                                                                                                    
  2\.        2011         Peng et al. ([@B11])   China        Asian           164/167              Yes       Age+Sex                 PCR-RFLP                100/64    63.68±6.65           7.9            PB
  95/72      64.87±6.16                                                                                                                                                                                    

3.1. Association of TGF-β1 -509C/T polymorphism with susceptibility to IS
-------------------------------------------------------------------------

The overall estimates did not show any significant relation between TGF-β1 -509C/T polymorphism and risk of IS under dominant (CC+CT vs. TT: OR=1.01, 95%CI=0.31 to 3.26; P=0.99), recessive (CC vs. CT+TT: OR=0.94, 95%CI=0.47 to 1.90; P=0.87), and allelic models (T vs. C: OR=1.06,95%CI= 0.55 to 2.04;P=0.86) indicating that CT and TT genotypes may not possibly confer an increased susceptibility to IS compared to CC genotype ([Figure 2](#F2){ref-type="fig"}).
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4. Discussion
=============

Ischemic stroke is a multifactorial disease significantly associated with certain genetic factors. Many genome association and candidate gene studies have been conducted to identify IS susceptible genes; discovering novel molecular pathways and helping susceptible individuals prevent the development of IS. Evidence suggests that inflammation and IS are interrelated. TGF-β1 is a pleiotropic anti-inflammatory cytokine involving in numerous inflammatory processes as well as the development of IS. The protein expression of TGF-β1 is predominantly under genetic control of TGF-β1 gene. Various common SNPs in this gene can modify the protein expression of TGF-β1 and -509C/T genetic polymorphism of TGF-β1 has been implicated to be associated with increased serum TGF-β1 level. Only 3 epidemiological studies investigated the association of -509C/T polymorphism with susceptibility to IS, yet with conflicting results. Two studies included were of case control design and one study conducted by Sie et al. was excluded due to cohort study design ([@B12]).

Therefore, we conducted this meta-analysis by combining only 2 eligible published studies to draw a more precise conclusion. Under all genetic models, overall estimates did not observe any significant relation between TGF-β1-509C/T polymorphism and risk of IS.

We were unable to draw a solid conclusion for the association between -509C/T polymorphism and the risk of IS. Among all genetic models, there was some evidence of heterogeneities between the included studies. The present study is the first meta-analysis to our knowledge, concerning relation between TGF-β1 gene -509C/T polymorphism and risk of IS. The genotypic frequencies in control groups of the included studies were in accordance to HWE, demonstrating the true representation of control samples. The methodological quality of the included studies was of good quality as assessed by NOS quality score.

Limitations of our current study were as follows: first, combined sample size of the included studies were still inadequate to detect the association of -509C/T polymorphism with IS risk. Second, we only focused on one variation in TGF-β1 gene, without considering the role of other SNPs in this gene or precluding the potential interactions such as linkage disequilibrium or haplotype analysis between them, which might mask its real genetic effect towards IS susceptibility. Third, IS is a complex multifactorial disease related to both genetic and environmental factors, such as climate, diet, life style and economic status, etc. However, our results were based on unadjusted estimates as most of original studies did not take such gene-environmental interactions into account.

Well-designed prospective studies are needed to reduce the potential sources of biasing by including clinical characteristics such as smoking, alcohol drinking, family history of stroke, diabetes mellitus, hypertension, dyslipidemia, cardiac diseases as well as matching criteria of cases and control, subtypes of IS, and use of standard genotyping methods.

In our meta-analysis we did not find any significant association between two included with single gene polymorphism and IS. However due to heterogeneity of the studies, it is too inconsistent to draw conclusion for the association of these gene polymorphism with IS susceptibility. More convincing evidence is required to draw conclusion. Therefore, well-designed studies are needed to investigate the association of these polymorphisms in larger and different ancestry populations.
